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680a Wednesday, February 6, 2013It exhibits a fluorescence intensity decrease of 40% in response to a 100 mV-
depolarization from 70 mV holding potential. Its large optical signal allows
it to detect action potentials and sub-threshold electrical events in single-
trials. Here, we modify the probe by i) varying the linker length between the
fluorescent protein (FP) and the voltage sensor; ii) varying the length of
the N- and C-terminal of the FP; iii) adding a farnesylation site to the FP; iv)
replacing the FP with tandem FPs; v) circular permutating the FP; vi) codon
optimization; and vii) adding golgi and ER transport signals.
We also sought to determine if Arclight’s voltage sensitivity relies on its FP’s
pH sensitivity. We compared Arclight and its derivatives with mutations in the
FP and studied the relationship between their voltage sensitivity and the FPs’
pH sensitivity. We hypothesized that part of the fluorescence intensity change
of Arclight is caused by the rotation of FP’s moiety during voltage change. We
show results of two-photon polarization microscopy experiments carried out to
test this hypothesis.
Supported by US NIH Grants DC005259, NS057631, grant WCI 2009-003
from the National Research Foundation of Korea, the John B. Pierce Labora-
tory, Inc. and University of South Bohemia Grant GAJU 170/2010/P.
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Archaerhodopsin 3 (AR3) and Archaerhodopsin T (ArchT) are light-driven
proton pumps that are used as genetically targetable neuronal silencers and
fluorescent sensors of transmembrane potential. Unlike the more extensively
studied bacteriorhodopsin (BR) from Halobacterium salinarum, AR3 and
ArchT incorporate into the plasma membranes of E. coli and mammalian
cells. We used near-IR resonance Raman confocal microscopy and time re-
solved UV-Vis pump-probe absorption spectroscopy to study the effects of
pH and membrane potential on the retinal chromophore structure and photo-
cycle kinetics of these proteins. Measurements were performed on AR3 and
ArchT reconstituted into E. coli polar lipids and in vivo in E. coli expressing
AR3. The retinal chromophore structure of AR3 is an all-trans configuration
almost identical to BR over pH ranging from 3-11. Small changes detected in
the retinal ethylenic stretching frequency and Schiff base (SB) hydrogen-
bonding strength relative to BR may be related to an alternate water structure
near the SB. In the case of the mutant D95N, an all-trans retinal O-like spe-
cies (Oall-trans) is found at neutral pH. At higher pH, a 13-cis retinal N-like
species (N13-cis) is detected which is attributed to a slowly decaying interme-
diate in the D95N red-light photocycle. However, the amount of N13-cis
detected is reduced in E. coli but restored upon dissipation of the normal
negative membrane potential. We postulate that these changes are due to
the effect of membrane potential on the N13-cis to M13-cis equilibrium in the
D95N red-light photocycle and on a molecular level by the effects of the elec-
tric field on the protonation/deprotonation of the cytoplasmic accessible SB.
This mechanism offers a possible explanation for the observed dependence
on transmembrane potential of the fluorescence of AR3, ArchT, and other
microbial rhodopsins.
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Fluorescent proteins (FPs) are widely used as sensors of protein localization
and activity, while other classes of light-absorbing proteins have been used
for optogenetic control of proteins with light. Here we describe a previously
unknown feature of a variant of the photochromic green FP Dronpa - the ability
to undergo light-dependent dissociation and association, and use it to control
protein activities with light. We created a fluorescent light-inducible protein
(FLIP) design in which Dronpa domains are fused to both termini of an enzyme
domain. In the dark, the Dronpa domains tetramerize and cage the protein, but
light induces Dronpa dissociation and activates the protein. This method
enabled optical control over guanine nucleotide exchange factor and protease
domains without extensive screening. To our knowledge, this is the first case
of a light-dependent interaction outside of natural light-responsive regulatory
proteins, and this method also uniquely has self-reporting abilities. In ongoing
work, we are examining the mechanism of caging by Dronpa domains in more
detail and adapting the FLIP design to photochromic red FPs. Our findings
extend the applications of FPs from exclusively sensing functions to also en-
compass optogenetic control.Fluorescence & Other Luminescence II
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Phosphate (Pi) homeostasis is crucial for many cellular processes. Pi absorption
in the kidney proximal tubule and in the intestine is mainly mediated by the
type II family of the sodium-dependent phosphate co-transporters (NaPi) which
are located in the apical membrane microvilli. Interaction with scaffolding PDZ
domain containing proteins is thought to play a central role in the regulation of
the abundance and activity of the NaPi transporters, in response to dietary and
hormonal stimuli.
We investigated protein-protein interactions between NaPi and PDZ proteins
in cellular models of the proximal tubule and the intestine using the FLIM
detection of FRET [1]. Also, we have recently introduced the nSPIRO method
which generalizes the principles of Single Particle Tracking to the imaging
of extended subcellular structures like the apical membrane microvilli [2].
using this method we can image the microvilli with high resolution even if
they are moving.
Here we combine the tracking of single microvilli with the phasor analysis of
FLIM to quantify FRET interaction at the level of the single microvilli. We
explore how the measurement of FRET on single microvilli compares to the
measurement performed on the entire apical membrane, and discuss the advan-
tages and limitations of this technique.
Work supported in part by NIH RO1 DK066029-01A2 (ML, EG),
8P41GM103540 (EG and LL) and P50GM076516 (EG and LL).
[1] Giral, Lanzano et al, J Biol Chem (2011) 286, 15032-15042; Giral,
Cranston, Lanzano et al, J Biol Chem (2012) epub ahead of print
[2] Lanzano L et al, J Biophotonics (2011) 4, 415-42; Lanzano L and Gratton E,
Microsc Res Tech (2012) 75, 1253-1264
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Cystic fibrosis transmembrane conductance regulator (CFTR) is an epithelial
anion channel which is mutated in people with cystic fibrosis (CF). Loss of
CFTR function in the airways leads to bacterial infection, chronic inflammation
and eventually respiratory failure. Interactions between CFTR and the most
common CF pathogen, Pseudomonas aeruginosa (PA), are not well understood.
In this study we have studied the dynamical and functional effects of bacterial
infection on CFTR in human primary airway epithelial cells. A new analysis
based on the well-established k-space image correlation spectroscopy tech-
nique (kICS) was used to extract the mean-square-displacement (MSD) of
fluorescently labeled CFTR (GFP-CFTR) molecules in time. Under resting
conditions, GFP-CFTR formed sub-resolution clusters that were homoge-
neously distributed in sub-confluent cells. kICS analysis revealed the presence
of two dynamically distinct populations, one which was freely diffusing
(Ddiff = 1.5 50.3 x10-2 mm2/s) and other which was spatio-temporally con-
fined (Dconfine = 1052 x10-3 mm2/s). The confined population was dependent
on cholesterol and sphingomyelin. When epithelial cells were exposed to PA,
small CFTR clusters aggregated into large platforms (0.5-3 mm). This was
accompanied by a significant reduction in CFTR dynamics (from Ddiff =
0.2 50.2 x10-2 mm2/s to Dconfine = 2.5 50.4 x10-3 mm2/s). Pre-treatment
with lipid raft disrupting reagents prevented platforms from forming upon
treatment with PA and the subsequent reduction of CFTR dynamics. CFTR
platform formation is also triggered by several host defence mechanisms and
inflammatory factors even in the absence of bacteria, therefore it may help pro-
tect the host epithelial cell against invasion by pathogens.
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Novel Fluorogenic Probes for the Detection of Reactive Oxygen Species in
the Lipid Membrane of Live Cells
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We are developing free radical-specific fluorogenic probes to study the biolog-
ical implications of free radical generation within the lipid membrane of living
cells. Our strategy involves preparing receptor-reporter type probes that mimic
the peroxyl radical-scavenging activity of naturally occurring antioxidants such
as a-tocopherol, ubiquinone etc [1-2]. A tethered BODIPY reports structural
changes at the receptor end following free radical scavenging. Redox changes
of the antioxidant moiety modulate the emission quantum yield of the bodipy
Wednesday, February 6, 2013 681afluorophore via photoinduced electron transfer (PeT) [3]. By carefully tuning
the redox potential of the BODIPY fluorophores, [4] we can have one redox
state fluorescent, and the other quenched through PeT (e.g. reduced state off
and oxidized state on). Furthermore we are able to tailor the BODIPY dyes
to enhance lipid solubility [5] and target organelles. In this presentation I
will discuss the general concepts behind the new probes and will focus on
the reactivity and imaging opportunities in live cells arising from a novel
a-tocopherol based fluorogenic probe that readily targets mitochondria [6]. I
will also discuss the opportunities that a related probe based on a fluorogenic
ubiquinone provides towards monitoring key metabolic processes within
mitochondria.
(1) Krumova, K.; Oleynik, P.; Karam, P.; Cosa, G. J. Org. Chem. 2009, 74,
3641.
(2) Oleynik, P.; Ishihara, Y.; Cosa, G. J. Am. Chem. Soc. 2007, 129, 1842.
(3) de Silva, A. P.; Gunaratne, H. Q. N.; Gunnlaugsson, T.; Huxley, A. J. M.;
McCoy, C. P.; Rademacher, J. T.; Rice, T. E. Chem. Rev. 1997, 97, 1515.
(4) Krumova, K.; Cosa, G.; J. Am. Chem. Soc. 2010, 132, 17560.
(5) Krumova, K.; Friedland, S.; Cosa, G.; J. Am. Chem. Soc. 2012, 134, 10102
(6) Krumova, K.; Greene, L.; Cosa, G.; in preparation
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Time-resolved fluorescence decay profiles of single Trp/5FTrp monellins have
been investigated using a ultraviolet upconversion spectrophotofluorometer
with time resolution better than 150 fs together with a time correlated single
photon counting apparatus on the 100 ps to 20 ns time scale. We analyzed
the set of fluorescence decay profiles using the global analysis technique. Nano-
second fluorescence data evince multiexponential decay for either probe, but
terms for the 5F derivative are generally longer lived. In the window below
100 ps, the time constant for bulk water ‘‘solvent relaxation’’ remains near 1
~ 2 ps, with associated amplitude positive or negative depending on the emis-
sion wavelength (J.A.C.S., 128, 1214, 2006). A sub-20ps exponential compo-
nent is consistently found for both probes; most important, only in 5F-Trp
monellin one will find negative amplitudes at longer wavelengths (>360 nm).
The negative amplitude preceding an exponential ‘‘risetime’’ is the hallmark of
an excited state reaction or relaxation (e.g., evidence of an excited population
building on the red side since bluer chromophores lose energy and shift red-
ward). Native Trp in this setting showed positive amplitudes due to ultrafast
quenching. Hence, water relaxations are unmasked due to either 5FW being
refractory to ultrafast (nearby group) quenching or to unusual segmental move-
ment of 5FTrp residues.
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Light-controlled modification of the fluorescence emission properties of pro-
teins of the GFP family is of crucial importance for many imaging applications
including super-resolution microscopy. Here we have studied the reversibly
photoswitchable fluorescent protein mIrisGFP using optical spectroscopy. By
analyzing the pH dependence of isomerization and protonation equilibria and
the isomerization kinetics, we have obtained insight into the coupling of the
chromophore to the surrounding protein moiety and a better understanding of
the photoswitching mechanism. Isomerization and protonation are connected,
and a different acid-base environment of the chromophore’s protonating group
in its two isomeric forms, which can be inferred from the x-ray structures of
IrisFP, is key to the photoswitching function. Amino acids near the chromo-
phore, especially Glu212, rearrange upon isomerization, and Glu212 proton-
ation modulates the chromophore pKa. In mIrisGFP, the cis chromophore
protonates in two steps, with pKcis of 5.3 and 6, which is much lower than
pKtrans (>10). Based on these results, we have put forward a mechanistic
scheme that explains how the combination of isomeric and acid-base properties
of the chromophore in its protein environment can produce negative and pos-
itive photoswitching modes.3501-Pos Board B656
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Investigated by Imaging FCS
Thorsten Wohland, Nirmalya Bag, Xiaoxiao Ma, Shuangru Huang.
National University of Singapore, Singapore, Singapore.
The epidermal growth factor receptor (EGFR) is a receptor tyrosine kinase that
plays essential roles in cell growth and proliferation. Despite many years of re-
search there are still open questions about its mechanism of function. We have
addressed earlier the question of EGFR dimerization as well as phosphorylation
in live cells. Here we address in particular its distribution and dynamics on the
cellmembrane. The simultaneous elucidation ofmembrane organization and dy-
namics requires measurements with good spatiotemporal resolution. We re-
cently introduced Imaging Total Internal Reflection Fluorescence Correlation
Spectroscopy (ITIR-FCS) with time resolution down to 0.3 ms and
diffraction-limited resolution to study whole membrane areas with single mole-
cule sensitivity. ITIR-FCS can test the FCS diffusion laws and determine
whether diffusion is free, takes place within a meshwork or is hindered by traps.
We demonstrate the feasibility of this approach with various structured artificial
bilayers. Advancing to live cell measurements, we compare the diffusive behav-
ior of DiI (C12 and C18), a membrane marker for the fluid phase, GPI-GFP, a
putative microdomain marker, transferring receptor-mCherry, a receptor inter-
acting with the cytoskeleton, and the epidermal growth factor receptor-mRFP
(EGFR-mRFP). We monitor the dynamics of the different molecules under
conditions of cholesterol depletion (mbCD), cytoskeleton depolymerization
(Latrunculin A), and EGF stimulation. EGFR clearly shows changes upon stim-
ulation, implying stronger domain localization, with little sensitivity to depoly-
merization of the cytoskeleton andmoderate sensitivity to cholesterol depletion.
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MFD (multiparameter fluorescence detection) is based on simultaneous record-
ing of fluorescence lifetime, polarization, and color. hpFRET (high precision
Forster resonance energy transfer) used in single-molecule experiment can
show an existence of diverse conformations adopted by macromolecules.
fFCS (filtered Fluorescence Correlation Spectroscopy) is extended analysis
method of time, polarization and color resolved FCS. The method uses MFD
data to obtain information on the kinetics of transitions between fluorescence
species on the multiple timescales (ns to ms).
The above techniques were applied to hGBP1 (the human guanylate binding
protein 1) which is a GTP binding interferon-g induced protein important im-
muno defense. hGBP1 consists of three domains: a GTP-binding domain
(gray), amiddle domain (blue) and a helical
domain (green). In solution it undergoes
conformational transitions between aminor
and a major state. The timescale of motion
and structural models of the states were
resolved by fFCS, MFD and hpFRET.3503-Pos Board B658
Diffusion-Enhanced FRET between Membrane Proteins
Tien-Hung Lan, Nevin A. Lambert.
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Fo¨rster resonance energy transfer (FRET) is often used to study interactions be-
tween membrane proteins. The use of long-lived (~103 sec) lanthanide donors
allows for a delay between excitation and detection of emission, greatly en-
hancing the signal-to-noise ratio. However, this long excited state lifetime
also allows donor- and acceptor-labeled membrane proteins to diffuse sig-
nificant distances towards each other while the donor is excited, potentially
enhancing energy transfer. Here we show that diffusion enhances lanthanide-
based FRET (LRET) between membrane proteins, and that this phenomenon
provides information concerning membrane protein organization. We con-
structed tetracycline-inducible cell lines expressing SNAP-tagged glycosyl-
phosphatidylinositol (GPI)-anchored proteins (SNAP-GPI) and b2 adrenergic
receptors (SNAP-b2AR), labeled these proteins with donor (Tb
2þ) and acceptor
fluorophores, and measured FRET while varying diffusion. The FRET signal
(sensitized emission) between SNAP-GPI proteins decreased by 62 5 3%
(P<0.001; n=4; mean 5 S.D.) when these proteins were immobilized
with aldehyde fixation. Similarly, immobilization decreased FRET between
